Introduction
Recombinant human thyrotropin-α (Thyrogen ® ;
Genzyme Corp., Cambridge, Mass., USA) is increasingly being utilized in the management of differentiated thyroid cancer following thyroidectomy. It offers the advantage of avoidance of thyroid hormone withdrawal-induced hypothyroidism and its morbidity, and is employed as an adjunctive diagnostic tool for serum thyroglobulin (Tg) testing with or without radioiodine ( 131 I) imaging, and more recently as an adjunctive treatment for 131 I ablation. We describe a 43-year-old female who underwent a Thyrogen stimulation protocol twice within 1 month and subsequently demonstrated transient enlarged hyperstimulated ovaries, and discuss possible physiologic mechanisms.
Case Report
A 43-year-old female with history of a follicular variant of papillary thyroid cancer after remote thyroidectomy and 131 I treatment presented for 18 F-2-deoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) scan for rising serum Tg levels. The patient had a long history of thyroid cancer and presented to us years after her initial diagnosis. In 1985, she was diagnosed with papillary thyroid cancer at age 16. She originally presented with an enlarging right-sided nodule in her neck and underwent a total thyroidectomy with removal of lymph nodes from the mediastinum and both sides of the neck. Pathology revealed a follicular variant of papillary thyroid cancer with metastasis to a single lymph node. Postoperatively and then again 6 months later, the patient received 138 and 136 mCi of 131 I respectively and was maintained on thyroid hormone replacement. She underwent 131 I scanning and neck ultrasound 5 years after the initial diagnosis and therapy which did not show any recurrence. The patient was recurrence-free in the ensuing 25 years, as indicated by periodic serum Tg measurements while on replacement thyroid hormone, negative neck ultrasounds, and lack of clinical disease. The anti-Tg antibody level was negative throughout.
In April 2011, she underwent Thyrogen stimulation according to the package insert, with serum Tg increase from 0.3 to 7.3 ng/ ml. In July 2011, she underwent Thyrogen stimulation in combination with a 131 I whole-body scan at another institution. The wholebody scan was negative and stimulated serum Tg was 3.8 ng/ml. Neck ultrasound was negative. Her endocrinologist suggested additional testing with an FDG PET/CT scan that time, which was not obtained when coverage was denied by her insurance. The patient had no complaints related to the Thyrogen stimulation procedure.
Meanwhile she had transvaginal ultrasound and MRI of the pelvis in December 2011 for menorrhagia, which revealed an enlarged lobular uterus with multiple fibroids, for which she underwent hysterectomy in January 2012. No other abnormalities were present and the ovaries were left at the time of hysterectomy. Of note, the patient did not report of any complications during her two previous successful pregnancies.
In September 2012 she underwent a Thyrogen protocol, with stimulated Tg 4.7 ng/ml, thyroid-stimulating hormone (TSH) measurements of 12.7 μIU/ml and Tg antibody level <20 IU/ml. Based on this and a prior positive rise in Tg following Thyrogen, she was referred for FDG PET/CT which was performed in conjunction with the Thyrogen stimulation protocol; she had received an intramuscular injection of Thyrogen 0.9 mg on the 2 preceding days before FDG injection and scan. She had received a total of four separate intramuscular injections of Thyrogen 0.9 mg during a 4-week period and remained asymptomatic.
The PET study did not reveal any abnormal FDG uptake or CT abnormality to suggest recurrent thyroid cancer. However, the scan demonstrated significantly enlarged bilateral ovaries at the pelvic inlet in a pattern that suggested a hyperstimulated state ( fig. 1 ). We obtained the preoperative pelvic ultrasound and MRI from December 2011, which did not reveal any abnormality of the ovaries, indicating this was a new finding. We communicated the PET/CT findings to the referring endocrinologist at an outside facility and the patient underwent transabdominal pelvic ultrasound performed by her gynecologist 9 days after receiving Thyrogen, which confirmed enlarged bilateral ovaries. The right ovary measured 6.06 × 3.95 × 5.88 cm, corresponding to a volume of 73,696 mm 3 , and the left ovary measured 5.30 × 4.42 × 5.23 cm, corresponding to a volume of 54,150 mm 3 . The gynecologist conservatively followed her and repeated her transabdominal pelvic ultrasound 4 weeks later, which showed that both ovaries had returned to a normal size and appearance. We concluded that this transient change of the ovaries was related to Thyrogen injections received within an interval of a month. Of note, the patient did not report of any complications during her two previous successful pregnancies. We contacted Genzyme Corp. who then informed us that their database search did not find any reported case of ovarian hyperstimulation following Thyrogen administration. 
Ovarian Hyperstimulation after Thyrogen

Discussion
This case demonstrates a relatively common management sequence for suspected recurrence of differentiated thyroid cancer that led to an unexpected discovery of ovarian stimulation. Patients with well-differentiated thyroid cancer generally undergo surgery, often thyroidectomy and long-term treatment with L -thyroxine at doses sufficient for suppression of pituitary production of thyrotropin (TSH) [1] . Eradication of iodine-avid tissue (benign or malignant) with radioactive iodine is not uncommon, as occurred in this patient. Despite the efficacy of surgery,
131
I ablation and L -thyroxine therapy for welldifferentiated thyroid cancer, many patients suffer disease recurrence [2] . Measurements of serum Tg concentrations and neck ultrasound are used most frequently to monitor thyroid cancer patients for evidence of recurrence [1, 3] . 131 I whole-body imaging with TSH stimulation can localize sites of recurrence. The sensitivity of 131 I scanning and Tg measurement is limited by a small, relative amount of thyroid tissue present in patients treated by thyroidectomy and the potential for dedifferentiation and loss of iodine avidity of tumor cells compared to normal thyrocyctes. For optimal sensitivity, both serum Tg measurement and 131 I imaging require stimulation of thyroid tissue by elevated TSH levels. This can be achieved either by thyroid hormone withdrawal for 4-6 weeks to achieve a TSH of ≥ 30, or by stimulation of remaining thyroid cells by recombinant human TSH (rhTSH) [4] . FDG PET has been shown to be useful in patients after surgery and ablation, who have recurrent thyroid cancer as evidenced by elevated serum Tg values and negative 131 I scintigraphy [5, 6] . A meta-analysis exploring the role of TSH for FDG PET in the diagnosis of recurrence and metastases of differentiated thyroid carcinoma with elevated Tg and negative scan concluded that TSH stimulation should be recommended for differentiated thyroid carcinoma patients undergoing PET scanning in such cases [7] .
The initial use of exogenous TSH to augment 131 I uptake in thyroid cancer patients, using extracts from bovine pituitary glands, occurred over 60 years ago [8] . Between 1985 and 2000, thyroid hormone withdrawal to stimulate 131 I uptake became the norm with cessation of availability of bovine TSH in mid-1980s [9] . Pioneering work from the laboratories of Weintraub [10] and Kourides [11] in the late 1980s provided the primary sequence of the β-subunit of human TSH. The human pituitary α-glycoprotein subunit and the human TSH β-subunit were then separately cloned and co-expressed in human embryonal cells with recovery of rhTSH from the culture medium [12] . The process of rhTSH production was developed by Genzyme Corp. and was approved for use by the US FDA in December 1998 for serum Tg testing, for 131 I imaging in those patients unwilling to undergo thyroid hormone withdrawal and in patients unable to mount an adequate TSH response to thyroid hormone withdrawal or in whom withdrawal was medically contraindicated [9] . In December 2007, Thyrogen was additionally approved by FDA for ablation of thyroid remnants with 131 I following near-total thyroidectomy for differentiated thyroid cancer having no metastatic disease [13] .
Ovarian hyperstimulation most often occurs as an iatrogenic complication of ovarian stimulation treatments for in-vitro fertilization, the incidence of severe forms ranging from 0.5 to 5% [14] . The clinical manifestations vary from abdominal distention and discomfort to potentially life-threatening, massive ovarian enlargement and capillary leak with fluid sequestration in a third space [15] . The presence of human chorionic gonadotropin is invariably associated with this condition, though the pathophysiological mechanism remains undefined [16] . The overproduction of endogenous chorionic gonadotropin during pregnancy has been associated with spontaneous ovarian hyperstimulation syndrome, as well as with hyperemesis gravidarum and transient gestational thyrotoxicosis [17] [18] [19] [20] . Transient gestational thyrotoxicosis appears to be due to promiscuous activation of the thyrotropin receptor by chorionic gonadotropin [21] . Follicle-stimulating hormone (FSH), luteinizing hormone, chorionic gonadotropin and TSH constitute the glycoprotein hormones made of a common α-subunit and specific β-subunits that share more than 40% amino acid sequence identities [22] . Although the corresponding glycoprotein hormone receptors (FSH receptorr [23] , luteinizing hormone/chorionic gonadotropin receptor [23, 24] and TSH receptor [25] ) also display about 40% sequence identity in their hormone-binding domains, co-evolution of the hormone receptor couples resulted in the establishment of tight specificity barriers, preventing promiscuous activation under normal physiological conditions [26] . In this evolutionary context it is likely that the extremely high level of chorionic gonadotropin achieved during pregnancy in primates overrides the barrier of specificity and thus stimulates the TSH receptor in so-called promiscuous stimulation resulting in gestational hyperthyroidism.
There have been reported cases where mutant thyrotropin receptor hypersensitive to human chorionic gonadotropin resulted in familial gestational hyperthyroidism [27] . In our case, it is possible that due to the promiscuous stimulation, thyrotropin caused FSH-like action resulting in ovarian hyperstimulation. The reason behind this could be the shared sequence identity of the hormone-binding domains of TSH and FSH receptors, or some mutation in the FSH receptor. There have been reported cases where ovarian hyperstimulation syndrome occurred due to mutation in the FSH receptor [28] , which lends credence to our hypothesis. It is also plausible that in our case the repeated dose of Thyrogen within a 4-week period resulted in hyperstimulation of the ovaries through stimulation of FSH receptors. Because she remained asymptomatic and imaging was not performed when the patient had previously received Thyrogen, we cannot determine whether the stimulatory effect on the ovaries occurred occultly when she received a series of two rather than four injections. This case highlights the need for awareness of potential physiologic effects beyond the thyroid, such as the ovaries, especially in patients who receive repeat Thyrogen doses for short intervals. In our case, conservative management and follow-up on ultrasound resulted in ovaries returning back to their normal size and the patient suffered no consequences. Also in our case, the raised Tg level in July 2011 (7.3 ng/ml) was probably false positive as it came down in September 2012 (4.8 ng/ml). However, the treating endocrinologists will continue to follow up her Tg levels.
Conclusion
In conclusion, our case highlights a potential side effect of administering Thyrogen in reproductive age group females, which has not been previously reported. All physicians involved in the care of female thyroid cancer patients who receive Thyrogen should be aware of this potential side effect, especially in those patients who might need Thyrogen administration for short time intervals. We emphasize the need for awareness of the potential physiologic effects of Thyrogen beyond the thyroid, especially the ovaries, and propose possible mechanisms which warrant additional investigation.
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